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(54) RADAR EQUIPMENT FOR AUTOMOBILE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the measuring 
accuracy and reliability of radar equipment for an 
automobile under such a condition that a plurality of 
targets, etc., exist. 

SOLUTION: Reflected waves from a target are received 
by two reception antennas 16a and 16b for left- and 
right channels. A signal processor 20 performs frequency 
analysis on the received waves of the left and right 
channels. An azimuth computing section 26 decides the 
azimuth to the target by a phase monopulse method by 
using a pair of peaks at which the frequencies are 
coincident with each other in the left and right channels. 
A pairing section 28 pairs the peaks in the rise and fall 
phase periods of the FMCW method with each other. 
The pairing section 28 constitutes a peak pair by 
selecting the peaks to which the same azimuth is given 
by means of the azimuth computing section 26 out of 
many existing peaks. A distance and speed computing 
section 30 decides the distance to and speed of the 

target based on the FMCW method by using the peak pair decided by means of the 
section 28. 
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(57) [Abstract] 

[Technical problem] In an automobile radar installation, the measurement 
precision under the environment where two or more targets etc. exist, 
and dependability are raised. 

[Means for Solution] The reflected wave from a target is received by the 
receiving antennas 16a and 16b of two right and left. A signal processor 
20 performs frequency analysis of the received wave of each channel. The 
bearing operation part 26 determines bearing with a phase monopulse 
system using the pair of the peak whose frequency corresponds by the 
right-and-left channel. The pairing section 28 gets down with the peak 




in the uphill phase period of a FMCW method, and performs pairing with 
the peak in a phase period. The pairing section 28 chooses the peak 
which was able to give the bearing same among the peaks existing 
[ many ] at the bearing operation part 26, and constitutes a peak pair. 
Distance and the rate operation part 30 determine the distance and the 
rate of a target based on a FMCW method using the peak pair determined 
by the pairing section 28. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The automobile radar installation characterized by providing 
the following The transmitting section which gets down and transmits the 
transmission wave with a phase period whose uphill phase period which a 
frequency increases and frequency fall, and by which FM modulation was 
carried out The receive section of a multiple channel which receives a 
reflected wave Analyzor which performs frequency analysis of the 
received wave of each channel, and searches for the peak of the echo 
corresponding to a target, and the topology of the echo concerned 
Distance and rate operation part which searches for said uphill phase 
period and said peak which gets down and makes a pair in a phase period, 
and finds the relative velocity and the relative distance of said target 
based on the frequency of the peak which makes the pair concerned based 
on bearing called for by the bearing operation part which asks for the 
group of the peak to which the frequency corresponded mutually between 
said multiple channels, and asks for bearing based on the phase contrast 
between the peaks which make the group concerned, and said bearing 
operation part 

[Claim 2] It has the integrated processing section which acquires the 
tailing information which consists of bearing, relative velocity, and a 
relative distance from said bearing operation part, and said distance 
and rate operation part. Said transmitting section A directional beam is 
changed in the mutually different direction, and it transmits to it. 
Said integrated processing section The automobile radar installation 
according to claim 1 characterized by performing predetermined average 
processing to two or more tailing information concerned, and determining 
the tailing information on the target of 1 when said tailing information 
over said each of different directional beam is in agreement by 
predetermined within the limits. 

[Claim 3] Said average processing is an automobile radar installation 
according to claim 2 characterized by being the weighting average based 
on whenever [ with the direction of said directional beam, and said 
bearing detected in said phase mono-pulse operation part to the beam 
concerned / coincidence ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It gets down with the uphill phase period in FM 
modulation, and this invention detects relative velocity and a relative 
distance with a target from the pair of the echo of a phase period, and 
relates to the tracking radar equipment which supervises the behavior of 
a target with a tailing filter. 
[0002] 

[Description of the Prior Art] Before, by automobile, in order to detect 
the location and rate to a self-vehicle of a target which are called a 
precedence car, for example, various radars are used. For example, the 
radar installation of the FMCW (frequency modulation continuous wave) 
method which detects the distance to a target and relative velocity with 
that, and the radar installation of the phase monopulse system which 
detects bearing of a target based on the phase contrast of the signal 
from two or more receiving antennas are known. 

[0003] A [phase mono-pulse radar] phase mono-pulse radar receives the 
reflected wave from the target obtained from one transmitting antenna by 
emitting an electric wave with two or more receiving antennas. Since two 
or more receiving antennas differ in a location spatially, the phases of 
the reflected wave from the same target differ between receiving 
antennas. Bearing of a target is detectable by detecting this phase 
shift. This phase mono-pulse radar has the merit that it is not 
necessary to move a transmitting antenna and a receiving antenna 
mechanically fundamentally because of bearing detection. 
[0004] Reference of drawing 1 sets [ the distance to a target ] bearing 
of L and a target to theta for spacing of R0 and two receiving antennas. 
The distance Rl and R2 from an antenna 1 and an antenna 2 to a target is 
[Equation 1]. 

It is Rl=R0+(L/2) sinthetaR2=R0-(L/2) sintheta. Phase contrast deltaphi 
of the input signal (wavelength: lambda) of two receiving antennas is 



[Equation 2]. It is deltaphi= (L/lambda) sintheta, therefore the bearing 
theta of a target is [Equation 3]. Theta=sin -1 {deltaphi (lambda/L)} 
It comes out. Thus, it can ask for bearing of a target from the phase 
contrast of an input signal. 

[0005] A [FMCW radar] FMCW radar detects the distance and the rate of a 
target using a continuous wave. If a FMCW radar and a phase mono-pulse 
radar are combined, it can ask for the distance, the rate, and bearing 
of a target. 

[0006] The FMCW radar has performed FM modulation to the sending signal 
of a continuous wave. Drawing 2 shows the principle of the relative 
distance by the FMCW radar, and a relative speed detector. For example, 
the frequency modulation of the transmission wave is carried out by the 
triangular wave. By this, the frequency of a transmission wave repeats 
increment reduction successively. This transmission wave is emitted from 
a radar, and when reflected and received by the target, the frequency of 
a transmission wave and a received wave has relation as shown in drawing 
2 (above). However, it is the case where the relative velocity of a 
target is 0. And a beat signal ( drawing 2 (below)) with the frequency 
component of the difference of transmit frequencies and received 
frequency is acquired by detecting a received wave by the reference wave 
(transmission wave). 

[0007] Propagation delay time tau is time amount until a transmission 
wave is received. It is tau=2 R/c, when the relative distance to a 
target is set to R and the velocity of light is set to c. Furthermore, 
when frequency deviation width of face (change width of face of the 
frequency of a reference wave) of fm and FM is set to deltaf for the 
repeat frequency (frequency of the triangular wave in drawing 2 ) of FM, 
beat frequency fr is [Equation 4]. It is expressed with fr=4 R-fm-delta 
f/c. Therefore, if it asks for beat frequency fr from a beat signal, a 
relative distance R will be determined. 

[0008] Drawing 3 (above) shows the relation of the frequency of a 
transmission wave in case the relative velocity of a target is not 0, 
and a received wave. If a target has relative velocity to a radar, the 
frequency of a received wave will shift only the Doppler frequency fd to 
a top or the bottom. The beat signal is shown in drawing 3 (below). In 
the uphill phase period when the frequency of a transmission wave is 
increasing this beat signal, only the Doppler frequency fd was added to 
the beat frequency fr of the target of relative velocity 0. On the other 
hand, the thing to which the frequency of a transmission wave is 
decreasing, getting down and by which only the Doppler frequency fd was 
subtracted from beat frequency fr in the phase period becomes a beat 




signal. Therefore, a doppler shift is called for from the frequency of 
the uphill phase period of this beat signal, and a going-down phase 
period, and the relative velocity of a target is called for after this. 
[0009] That is, the frequencies fbu and fbd of an uphill phase period 
and a beat signal [ in / it gets down and / a phase period ] are 
[Equation 5]. It is fbu=fr+fdfbd=fr-fd. Then, if it asks for frequencies 
fbu and fbd according to an individual from a beat signal, beat 
frequency fr showing a relative distance and the Doppler frequency fd 
showing relative velocity will be called for. 
[0010] 

[Problem (s) to be Solved by the Invention] In the very ideal environment 
where only a single target exists, the radar installation of the above- 
mentioned phase monopulse system can detect bearing of a target 
correctly, and, as for the radar installation of the above-mentioned 
FMCW method, the distance and the rate of a target can be detected 
correctly. Therefore, in such a simple environment, bearing, distance, 
and a rate can be correctly determined by using both combining a formula. 
[0011] However, in the environment where an automobile radar 
installation is used, the reflected waves from various bodies (for 
example, trees, guard rails, etc. other than the precedence car of 
target slack plurality and other targets) overlap, and are received. By 
the FMCW method, as mentioned above, unless the peak of an input-signal 
spectrum is divided into two and combines them correctly to the target 
which has relative velocity, right distance and a rate are undetectable. 
Under the environment where many peaks of an input-signal spectrum exist 
by the reflected wave from various bodies, it is difficult to determine 
such a combination (pairing) correctly. Moreover, also in a phase 
monopulse system, if the above-mentioned pairing can carry out good when 
two or more distance or rates of a target are different, bearing of a 
target is detectable, but when two or more targets with almost same 
distance and rate exist (for example, when two or more cars by the road 
of two or more lanes are running in the state of running together), 
detection of bearing is fundamentally difficult. Therefore, it also 
becomes difficult to determine bearing, distance, and a rate correctly, 
only combining both [ these ] methods. 

[0012] This invention is made in view of the above-mentioned technical 
problem, and the purpose is in the radar operating environment by which 
reflected waves, such as bodies other than two or more targets and 
targets, are compounded and received offering reliable bearing, a 
relative distance, and the automobile radar installation that can 
measure relative velocity. 




[0013] 

[Means for Solving the Problem] The transmitting section to which it 
gets down and the 1st invention transmits the transmission wave with a 
phase period with which the uphill phase period which a frequency 
increases, and a frequency fall, and by which FM modulation was carried 
out in order to attain the above-mentioned purpose, The analyzor which 
performs frequency analysis of the receive section of a multiple channel 
which receives a reflected wave, and the received wave of each channel, 
and searches for the peak of the echo corresponding to a target, and the 
topology of the echo concerned, The bearing operation part which asks 
for the group of the peak to which the frequency corresponded mutually 
between said multiple channels, and asks for bearing based on the phase 
contrast between the peaks which make the group concerned, It is 
characterized by having the distance and rate operation part which 
searches for said uphill phase period and said peak which gets down and 
makes a pair in a phase period based on bearing called for by said 
bearing operation part, and finds the relative velocity and the relative 
distance of said target based on the frequency of the peak which makes 
the pair concerned. 

[0014] According to this invention, in order to perform bearing 
detection by the phase monopulse system, the received wave in a location 
which the receive section of a multiple channel is prepared and is 
different is received. Since the distance of a target is large as 
compared with receiving location spacing, the differences in the amount 
of doppler shifts by receiving locations differing are few. Therefore, 
the location of the peak of the reflected wave which appears in the 
input-signal spectrum obtained by carrying out frequency analysis of the 
input signal, i.e., a frequency, does not almost have a difference among 
two or more channels. That is, even if the phases of an input signal 
differ between multiple channels to a certain target, it can be 
considered that the frequency of the peak corresponding to it is the 
same fundamentally. Bearing operation part asks for the group of a peak 
which has the frequency it can consider that is the same at each 
multiple channel fundamentally, and it is judged that each peak 
belonging to the group is what originates in the same target mutually. 
And based on a phase monopulse system, it asks for bearing of the target 
which produced the group of the peak concerned from the phase contrast 
during each echo corresponding to the peak belonging to the group. Now, 
when a target has relative velocity to this equipment, it gets down with 
an uphill phase period, and the locations of the peak over the same 
target differ in a phase period, for example, since two or more targets 



exist, when it gets down with an uphill phase period and the peak of two 
or more echoes arises in a phase period, respectively, the pair of the 
peak whose bearing for which distance and rate operation part got down 
with the uphill phase period, came out of with the phase period, and it 
asked by bearing operation part corresponds is judged that a header and 
the peak which makes the pair are what originates in the same target 
mutually. And the relative velocity and the relative distance of a 
target which produced the pair of the peak concerned from each frequency 
of the peak which makes the pair based on the FMCW method are found. In 
this invention, since appoint bearing of a target based on a phase 
monopulse system first, the bearing goes up based on an equal thing, it 
gets down with a phase period and the pair of a peak with a phase period 
is determined, the group of a peak used for processing of a FMCW method 
can be selected correctly, and detection of reliable bearing, relative 
velocity, and a relative distance is made in the bottom of the situation 
that two or more targets exist. 

[0015] In order to attain the above-mentioned purpose, the 2nd invention 
has the integrated processing section which acquires the tailing 
information which consists of bearing, relative velocity, and a relative 
distance from said bearing operation part, and said distance and rate 
operation part. Said transmitting section changes a directional beam in 
the mutually different direction, and transmits to it. Said integrated 
processing section When said tailing information over said each of 
different directional beam is in agreement by predetermined within the 
limits, it is characterized by performing predetermined average 
processing to two or more tailing information concerned, and determining 
the tailing information on the target of 1. 

[0016] According to this invention, the transmitting section changes a 
beam direction and transmits a directional beam. Thereby, the space of a 
large object domain can be divided and searched. Phase mono-pulse 
operation part, and distance and rate operation part perform the 
respectively same processing as the 1st above-mentioned invention to the 
directional beam of each direction. Bearing, the relative velocity, and 
the relative distance of the target located within the limits of each 
beam by this are found. Here, suppose that these bearings, relative 
velocity, and a relative distance are put in block as tailing 
information, and are called. Since a directional beam has the part 
generally overlapped, the same target may be detected by two or more 
directional beams, it is rich and the integrated processing section 
looks for the thing which compares the tailing information searched for 
by each directional beam, among those is fundamentally in agreement 



between directional beams and which can be made. And predetermined 
average processing is performed to the tailing information it can 
consider that is in agreement. As average processing, there are an 
arithmetic average and an average which carried out weighting of each 
tailing information based on the predetermined approach, for example. 
Moreover, when a weighting average is special, there is also a method of 
choosing [ ****** ] what has the highest accuracy among two or more 
tailing information. Thereby, the precision of the tailing information 
on the target detected with two or more beams can be raised. 
[0017] The suitable mode of this invention is the weighting average 
based on whenever [ with said bearing where said average processing was 
detected in said bearing operation part to the direction and the beam 
concerned of said directional beam / coincidence ]. Generally, the 
reinforcement of an echo has so high that it is as near as the direction 
of a directional beam bearing of a target, and the error of the tailing 
information based on it becomes low. Therefore, since according to this 
mode weighting according to echo intensity is performed and big 
weighting is made by the small value with error, the precision of 
tailing information improves good. 
[0018] 

[Embodiment of the Invention] The gestalt (henceforth an operation 
gestalt) of suitable operation of this invention is explained with 
reference to a drawing below the [gestalt 1 of operation]. 
[0019] Drawing 4 shows the configuration of the automobile radar 
installation of the operation gestalt of this invention. This automobile 
radar installation is carried in a car, and the information which it 
offers is used for the transit control which secures the safe distance 
between two cars with a precedence vehicle etc. This equipment transmits 
the transmission wave by which the FMCW modulation was carried out, and 
receives it by the channel of right and left of the reflected wave from 
a target. And according to the principle of a phase monopulse system, it 
asks for bearing of a target from the received wave of a channel on 
either side. Moreover, according to the principle of a FMCW method, it 
gets down with an uphill phase and the distance and the rate of a target 
are found from the received wave of a phase. 

[0020] A voltage controlled oscillator (VC0) 10 functions as a frequency 
modulator. The triangular wave which an electrical potential difference 
fluctuates according to time amount is supplied to this VC010 from the 
control section which is not illustrated. VC010 generates the RF by 
which frequency modulation was carried out by this triangular wave. This 
RF is distributed by the distributor 12 and one of them is sent to the 




transmitting antenna 14. Thus, the RF by which frequency modulation was 
carried out is emitted towards the exterior as an electric wave by the 
triangular wave. 

[0021] The electric wave emitted from the transmitting antenna 14 is 
reflected with a target. All over drawing, two precedence cars are shown 
as targets 1 and 2. A reflective signal is received by the receiving 
antennas 16a and 16b of two right and left. Spatially, only the 
predetermined distance L leaves these two receiving antennas 16a and 16b, 
and they are arranged. And wave detectors 18a and 18b are connected to 
these receiving antennas 16a and 16b, respectively. The RF (sending 
signal) by which frequency modulation was carried out by the triangular 
wave is supplied to wave detectors 18a and 18b as a reference wave from 
the distributor 12. A received wave is detected based on a reference 
wave, the beat signal which has the frequency component of the 
difference of transmit frequencies and received frequency by this is 
acquired, and wave detectors 18a and 18b are supplied to a signal 
processor 20. 

[0022] In a signal processor 20, the frequency-analysis sections 22a and 
22b and the peak detecting elements 24a and 24b function as analyzor of 
this invention. The frequency-analysis sections 22a and 22b perform a 
frequency analysis to the beat signal acquired from the input signal of 
a left channel and a right channel, respectively, and obtain the 
frequency spectrum of a signal. Here, complex [ FFT ] (fast Fourier 
transform) is performed and the complex amplitude (electrical potential 
difference) of every suitable frequency spacing (frequency bin) is 
called for. In the processing in the subsequent signal processors 20, 
the number of bin is used as an index corresponding to a frequency. The 
peak detecting elements 24a and 24b detect a peak (the number of the 
frequency bin in which a peak appears, and complex amplitude value of 
the frequency bin) by the left of a phase mono-pulse, and each of a 
right channel based on a frequency-analysis result. 

[0023] Drawing 5 (a) and (b) are the examples of the frequency-analysis 
result of a left channel and a right channel, respectively. In a left 
channel, the peaks UL1 and DL1 with the large amplitude are peaks of the 
going-up phase of a target 1, and a going-down phase, respectively. It 
gets down, the frequency of the peak of a phase goes up, and what is 
larger than a phase shows the late (it is approaching) thing more 
relatively [ a target 1 ] than a self-vehicle. Moreover, the peaks UL2 
and DL2 with the small amplitude are peaks of the going-up phase of a 
target 2, and a going-down phase, respectively. It gets down, the 
frequency of the peak of a phase goes up, and what is smaller than a 



phase shows the quick (it is keeping away) thing more relatively [ a 
target 2 ] than a self-vehicle. Similarly, by the right channel, peaks 
UR1 and DR1 are peaks of the going-up phase of a target 1, and a going- 
down phase, respectively. Moreover, peaks UR2 and DR2 are peaks of the 
going-up phase of a target 2, and a going-down phase, respectively. 
[0024] However, with this operation gestalt, in operating environments, 
such as a road where this equipment is used, two or more targets 
(precedence vehicle) exist, and bodies, such as trees other than a 
target and a guard rail, exist further. The reflected wave of various 
bodies is compounded and received by the radar. Therefore, many peaks 
other than the peak shown in drawing 5 exist further in fact. As it is 
the following, the peak of the right-and-left channel of the same target 
is chosen from the peak of such a^large number. 

[0025] Since the difference in the location of return and receiving 
antennas 16a and 16b is small to drawing 4 compared with the distance to 
a target, bearing which faces a target from each receiving antenna is 
almost the same to it, and the relative velocity to each receiving 
antenna of a target of it is almost the same as that of it. Therefore, 
even if channels differ, the frequency of the peak corresponding to the 
same target is very near in whether it is the same. So, in the bearing 
operation part 26, a peak with the near frequency bin is chosen from the 
left and a right channel, and let two selected peaks be peak pairs. Here, 
the peak pair below a predetermined threshold delta frequency is chosen 
for the difference of the frequency bin between the left and a right 
channel. Here, if [ Peaks A and B ] it expresses making a pair as <A, B>, 
to the example shown in drawing 5 , in an uphill phase period, a peak 
pair <UL1, UR1>, and <UL2, UR2> are detected, and it will get down and 
<DL1, DR1>, and <DL2, DR2> will be detected to a phase period. 
[0026] The bearing operation part 26 asks for phase contrast deltaphi 
between each peak which constitutes each peak pair based on the topology 
acquired in complex FFT processing in the frequency-analysis sections 
22a and 22b, and asks for the bearing theta of the target corresponding 
to the peak pair concerned. That is, as explained using drawing 1 , 
lambda, then Azimuth theta are asked [ the phase contrast of the 
received wave in two receiving antennas 16a and 16b ] for the wavelength 
of L and an electric wave for the distance of deltaphi and two receiving 
antennas by the degree type. 
[0027] 

[Equation 6] Theta=sin -1 {deltaphi (lambda/L)} 

The pairing section 28 gets down with an uphill phase period, and 

performs pairing of a peak with a phase period. That is, the pairing 




section 28 determines the pair of a peak which uses for matching, and 
distance and a rate operation the peak acquired in an uphill phase 
period, and the peak which gets down and is acquired in a phase period. 
[0028] Here, it asks for the pair of that Azimuth theta can consider 
that is the same mutually in the peak pair of the left and a right 
channel which the pairing section 28 gets down with the peak pair of the 
left and a right channel obtained about an uphill phase period, and is 
obtained about a phase period. For example, the peak (pair) to which it 
gets down and which it goes up, and the difference of bearing in a phase 
period becomes below a predetermined threshold is chosen. To the example 
shown in drawing 5 by this processing, the peak pair <UL2, UR2> produced 
with a target 2, and <DL2, DR2> (or UL2, DL2, or peaks UR2 and DR2) are 
chosen. [ the peak pair <UL1, UR1> produced with a target 1, <DL1, DR1> 
(or UL1, DL1, or peaks UR1 and DR1) and ] 

[0029] In addition, in this processing, it is also possible to take the 
amplitude of a peak into consideration. That is, the reinforcement of 
the echo from the same target is good also as getting down with an 
uphill phase period, imposing the conditions that the difference of the 
amplitude is also below a predetermined threshold, with the conditions 
that the difference of Azimuth theta is below a predetermined threshold, 
[ not differing greatly in a phase period ], and asking for the pair of 
a peak here. According to such a configuration, many targets exist, even 
if it is the case where the peak from two or more targets is included in 
narrow azimuth within the limits, by the difference among those 
amplitude, it discriminates from a target and goes up correctly, and it 
can get down and the peak of each phase period can be combined. 
[0030] Distance and the rate operation part 30 ask for the relative 
distance of a target, and relative velocity based on the pair of the 
peak determined in the pairing section 28. That is, as explained using 
drawing 2 and drawing 3 , the beat signal consists of a component based 
on delay of the received wave according to the distance of a target, and 
a component based on the doppler shift according to the rate of a target. 
The frequencies fbu and fbd of an uphill phase period and beat [ in / it 
gets down and / a phase period ] signal are [Equation 7] when the 
Doppler frequency which expresses fr and relative velocity for the beat 
frequency showing a relative distance is set to fd. It is 
fbu=fr+fdfbd=fr-fd. Therefore, from frequencies fbu and fbd, beat 
frequency fr and the Doppler frequency fd are called for, and a relative 
distance and relative velocity are called for. With this operation 
gestalt, distance and a rate are found based on going up of the pair 
determined in the pairing section 28, and the bin number of the peak to 



which it gets down and a phase corresponds. This bin number is 
equivalent to the frequency which that peak has. Moreover, distance and 
a rate can be found independently based on each received wave of a 
right-and-left channel, and the high detection result of precision is 
obtained more using both the detection value. 

[0031] In the above, the radar installation of this operation gestalt 
was explained. As mentioned above, with this operation gestalt, it asks 
for bearing of the target existing [ two or more ] previously, it is 
gone up with reference to the bearing, it gets down with a phase period, 
and pairing of a peak with a phase period is performed. Therefore, 
pairing of the peak which goes up, gets down and exist in a phase period, 
respectively can be carried out correctly, and detection of reliable 
bearing, relative velocity, and a relative distance is attained. 
[0032] In addition, the threshold of the judgment by which it is 
considered that the threshold and bearing of a delta frequency of this 
operation gestalt are coincidence is beforehand decided to be a suitable 
value, respectively. It is suitable for the threshold of a delta 
frequency to set up based on the magnitude of dispersion in the 
frequency of the peak acquired from the reflected wave of the same 
target. Similarly, the threshold of a bearing judging can be defined 
supposing the magnitude of the azimuth which gets down with an uphill 
phase period and may change by the relative motion of a target and 
equipment between phase periods. Moreover, for example, both thresholds 
can be set as the standard magnitude of dispersion, or can be set as the 
maximum of dispersion. Each threshold may be set up based on an 
experimental result or experience. 

[0033] The [gestalt 2 of operation], next the 2nd operation gestalt of 
this invention are explained. Drawing 6 shows the configuration of the 
automobile radar installation of the operation gestalt of this invention. 
The sign same about the same thing as the component of the operation 
gestalt 1 shown in drawing 4 among the components of this operation 
gestalt is attached, and the explanation is omitted suitably. As for the 
operation gestalt 2, the transmitting section differs from the operation 
gestalt 1 first. That is, it has 44-n and this equipment has two or more 
transmitting antennas 44-1, 44-2, — , the switcher 46 that changes 
supply of the transmission wave to these transmitting antenna 44 from 
VC010 by time sharing. Moreover, the signal processor 50 has the 
integrated processing section 48 which summarizes the result of an 
operation to two or more directional beams of each transmitted from the 
transmitting antenna 44 of these plurality at the end in the degree of 
distance and the rate operation part 30. 




[0034] Sequential supply of the transmission wave from VC010 is carried 
out by time sharing through a switcher 46 at each of the transmitting 
antenna 44. Each transmitting antenna 44 can be constituted so that the 
sense of those transmitting beams may differ, it can divide a detection 
field by this, and can send and receive an electric wave for every field. 
In addition, division of the same detection field is realizable with the 
configuration which arranges two or more receiving antennas 16 with 
different directivity, and changes them, and the configuration changed 
by both transmission and reception. 

[0035] Processing of the input signal to each detection field changed by 
time sharing is the same as that of the above-mentioned operation 
gestalt, and the acquired beat signal is passed to a signal processor 50. 
The frequency-analysis processing in a signal processor 50 to the 
processing by distance and the rate operation part 30 is the same as 
that of the operation gestalt 1. Therefore, the tailing information on 
the target in the field (bearing, distance, and rate) is detected for 
every detection field. 

[0036] The tailing information on the target obtained by the change in 
each detection field in this way is inputted into the integrated 
processing section 48. The detection field of each directional beam is 
constituted so that adjoining things may overlap. Therefore, the same 
target may be detected in two or more detection fields. The integrated 
processing section 48 compares the tailing information on a target 
between adjoining detection fields, and searches for the tailing 
information which is mutually in agreement in a predetermined precision. 
When a match is found, it is judged that these tailing information is a 
thing corresponding to the same target. 

[0037] The difference between the contiguity detection fields of each 
value of bearing which constitutes for example, tailing information, 
distance, and a rate can make a judgment of this coincidence based on 
being below predetermined tolerance, respectively. Moreover, the 
decision criterion that the sum of squares of each difference of bearing, 
distance, and a rate becomes below a predetermined threshold can also be 
used. 

[0038] Two or more tailing information judged to correspond to the same 
target is unified by one tailing information by predetermined average 
processing. As this predetermined average processing, there is an 
arithmetic average which averages the tailing information detected with 
each beam by equal weight simply, for example. Moreover, there is an 
average (weighting average) which performed weighting based on the 
probability of each tailing information detected with each beam etc. as 



other approaches. Here, the weighting average which made the weighting 
factor extent of coincidence with the shaft orientation of a directional 
beam and bearing detected in bearing operation part is performed. It is 
because echo intensity becomes large and an error becomes small, so that 
this generally has bearing close to the shaft of a beam. In addition, it 
is also possible to use the reinforcement of the beam in bearing which 
considered as the weighting factor since it was the same, for example, 
was detected. Moreover, the integrated processing section 48 may choose 
what has the highest accuracy or precision among the tailing information 
detected with each beam. This is the special case of a weighting average, 
and when the weighting factor of high tailing information of accuracy or 
precision is most set to 1 and the weighting factor of other tailing 
information is set to 0, it corresponds. 

[0039] According to this equipment, even if it is the case where two or 
more targets with which distance and a rate were alike exist, the target 
of these plurality can be separated and detected with a different beam 
by dividing the field which sends and receives an electric wave. 
Moreover, when the same target is detected with two or more beams, 
accurate tailing information can be acquired by averaging and unifying 
two or more acquired tailing information in a certain form. 
[0040] The [gestalt 3 of operation], next the 3rd operation gestalt of 
this invention are explained. Drawing 7 shows the configuration of the 
automobile radar installation of the operation gestalt of this invention. 
The sign same about the same thing as the component of the operation 
gestalt 1 shown in drawing 4 and drawing 6 among the components of this 
operation gestalt and the operation gestalt 2 is attached, and the 
explanation is omitted suitably . The point that the operation gestalt 3 
differs from the operation gestalt 1 constitutionally is a point that a 
signal processor 70 has the tailing filtering section 72. The tailing 
filtering section 72 is formed between distance and the rate operation 
part 30, and the integrated processing section 48. 
[0041] This equipment also has two or more transmitting antennas 44, 
measures each detection field by time sharing, and searches for the 
tailing information on the target which exists in each field. [ as well 
as the operation gestalt 2 ] That is, this equipment and the equipment 
of the operation gestalt 2 are actuation to distance and the rate 
operation part 30, and processing is the same. 

[0042] With this equipment, the tailing filtering section 72 performs 
tailing filtering to the tailing information on each field obtained by 
distance and the rate operation part 30. Tailing filtering which the 
tailing filtering section 72 performs is prediction filtering called the 




Kalman-filter processing and alpha-beta filtering which are performed to 
bearing, the distance, and the rate which were obtained by distance and 
the rate operation part 30. By this prediction filtering, bearing, a 
true distance, and the true rate of a target are presumed based on the 
tailing information on past. It becomes possible to avoid the effect by 
the incorrect detection condition produced by this when bodies, such as 
guard rails other than two or more targets and targets (for example, a 
tree), exist, and the condition of not detecting which is not desirable. 
[0043] The integrated processing section 48 judges that the estimate of 
these tailing information corresponds to the same target, when the 
estimate of the tailing information on the target obtained in two or 
more division fields is in agreement with below a predetermined 
difference. Moreover, it is also possible to judge that the integrated 
processing section 48 asks for the locus from the past of the estimate 
of for example, tailing information to the present for every division 
field of a beam, and its target corresponding to these loci is the same 
when distance of a locus is below a predetermined value among these 
fields. 

[0044] The integrated processing section 48 judges the identitas of a 
target based on the locus of estimate or estimate in this way, averages 
each estimate of the tailing information acquired about two or more 
fields about the same target by the same approach as the operation 
gestalt 2, and unifies it to one tailing information. 
[0045] Thus, with this equipment, it can discriminate from two or more 
targets with which distance and a rate become almost the same in a 
certain time of day or period based on the time series of tailing 
information to the tailing information acquired by the FMCW method and 
the phase monopulse system performing prediction filtering and by 
performing processing which unifies each tailing information further 
acquired by the beam change in two or more fields. Moreover, detection 
of a highly accurate distance, a rate, and bearing can be performed to 
the bottom of an actual operating environment in which bodies, such as 
guard rails other than two or more targets or a target (for example, a 
tree), exist. 

[0046] In addition, although the tailing filtering section 72 was formed 
before the integrated processing section 48 with this equipment, the 
configuration which forms the tailing filtering section. 72 behind the 
integrated processing section 48 is also possible. 
[0047] Incidentally, the tailing filtering section 72 can be adopted 
regardless of division of the detection field by the beam, for example, 
can be used also in the equipment of the operation gestalt 1. 
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[Brief Description of the Drawings] 

[Drawing l] It is drawing showing the principle of a phase mono-pulse 
radar. 

[Drawing 2] It is drawing showing the principle of a FMCW radar. 
[Drawing 3] It is drawing showing the principle of a FMCW radar. 
[Drawing 4] It is drawing showing the configuration of the 1st operation 
gestalt of this invention. 

[Drawing 5] It is drawing showing the frequency-analysis result of the 
input signal of the left channel of the equipment of drawing 4 , and a 
right channel. 

[Drawing 6] It is drawing showing the configuration of the 2nd operation 
gestalt of this invention. 

[Drawing 7] It is drawing showing the configuration of the 3rd operation 
gestalt of this invention. 
[Description of Notations] 

10 A voltage controlled oscillator (VCO), 14, 44-1, 44-2, the 44-n 
pairing section, 30 distance and rate operation part, the 48 integrated 
processing section, 72 tailing filtering section. A transmitting antenna, 
16a, 16b Receiving antenna, 18a, 18b A wave detector, 20, 50, 70 A 
signal processor, 22a, 22b The frequency-analysis section, 24a, 24b A 
peak detecting element, 26 Bearing operation part, 28 
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[Drawing l] 
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[Drawing 5] 
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